Abstract Four species of the genus Grandidierella were collected from estuaries and coastal area in Osaka Bay and the northern part of the Kii Channel, central Japan. Grandidierella fasciata sp. nov., G. osakaensis sp. nov. and G. japonica were from brackish area, G. insulae Myers, 1981 from sea area. These amphipods are described and validness of the three brackish species is examined by crossing experiments.
Introduction
The genus Grandidierella Coutiere, 1904 contains 33 species to date. Prior to 1986, 31 species were recorded (Barnard & Karaman, 1991) . After then two species, G. taihuensis Morino & Dai, 1990 and G. nagadae Myers, 1995 , were described_ So far in I a pan only Grandidierella japonica represents this genus (Ishimaru, 1994) . I have been investigating amphipod fauna of the coastal area and estuaries in Osaka Bay and the northern part of the Kii Channel since 1981. During this survey four Grandidierella species were collected, and two of them have turned to be new species. Present paper deals with descriptions of all these species and a result of crossing experiments among three brackish species. The dissected specimens including the type series are deposited in the Osaka Museum of Natural History (OMNH).
Descriptions

Grandidierella fasciata sp. nov.
(Japanese name: shima-dorosokoebi, new) Material examined. Holotype: male (OMNH-Ar-3840), 8.4 mm, intertidal zone at the mouth of the Higashi-kawa (Ochiai-gawa) River in Misaki, Osaka Prefecture (34"19'N, 135"07'E) , brackish water, sandy mud bottom mixed with gravel, 20 Feb. 1992, collected by the author. Allotype : female (OMNH-Ar-3841), 6.5 mm, the same data as the holotype_ Paratypes: 1 male (OMNHAr-3842), 7.4 mm and 1 female (OMNH-Ar-3843), 6.7 mm, 6 Feb.1989 ; 1 male (OMNH-Ar-3844), 7.7 mm and 1 ovigerous female (OMNH-Ar-3845), 10.1 mm, 7 Jun. 1990; 1 male (OMNH-Ar-3846), 8.2 mm, 4 May 1991, the same place as the holotype, collected by the author. Besides the type series the specimens from following localities were examined (undissected) : 68 individuals from pebble beach of Hakotsukuri in Han'nan, Osaka Pref.; 10 from the mouth of the Tayamagawa River in Han'nan, Osaka Pref.; 28 from the mouth of the Oh-kawa River in Misaki, Osaka Pref.; hundreds from the mouth of the Higashi-kawa River in Misaki, Osaka Pref.; 3 from the estuary of the Ki-no-kawa River in Wakayama Pref.
Male ( segments lacking ventral process; epimeral plates 1-3 ( Fig. 3-C) , with. a spine on ventroposterior corner, plate 2 with a plumose seta ventrally. Antenna 1 (Fig. 3-A) : Ratio of peduncular articles 1-3 2.8: 3.1 : 1, article 1 robust, inner surfaces of articles 1-2 ( Fig. 3-A1 ) with 3 and 2 spines, respectively; primary flagellum with 20 articles, 1.3 times as long as peduncle;accessory flagellum ( Fig. 3-A2 ) uni-articulate, short.
Antenna 2 (Fig. 3-B ) : Peduncle stout, inner surfaces of articles 3-4 ( Fig. 3-B1 ) with 5 and 4 spines, respectively, article 5 somewhat longer than article 4; flagellum short, with 7 articles, flagellar articles 4-7 (Fig. 3-B2 ) with 1, 1, 1, 2 curved spines, respectively.
Mouth parts: Upper lip ( Fig. 4 -E) subrounded ventrally without depression; lower lip ( Fig. 4-F) , ventral part of outer lobe covered with thin hairs, inner lobe incised; mandible (Fig. 4-D) , palp article ratios 1: 1.5: 1.4; maxillaJ1 (Fig. 4-C) , outer plate with 10 apical spines, palp article 2 with 6 apical spines ; maxilla 2 (Fig. 4-B) , medial margin of inner plate with an oblique row of setae ; maxilliped (Fig. 4-A) , inner plate with 2 oblong spines, outer plate with 13 marginal spines, ratio of palp articles 1-4 1: 1.7: 1.1: 0.6.
Coxal plates (Fig. 2) : Plates 1-4 subrectangular; plates 5-7, posterior half shallower than anterior one ; plate 1 largest.
Gnathopod 1 (Fig. 2-A) : Large, complexly subchelate; article 2 wide, about 1.7 times as long as broad, posterior margin rounded with several setae; article 3 short; article 4 rectangular, posterodistal angle with an acute projection; article 5 subovoid, about 1.5 times as long as broad, posterior margin with three teeth, two large and one small ; article 6, about half length of article 5, posterior margin expanded distally ; dactyl medially weakly expanded.
Gnathopod 2 (Fig. 2-B ): Slender, subchelate; article 2 elongate, slightly dilated distally; article 4 trapezoidal, distal margin setose ; article 5 expanded medially, posterior margin setose ; article 6 ovoid, about two thirds length of article 5, palm almost transverse, defined by a pair of spines, posterior margin with 2 spines (Fig. 2-B1 ) ; dactyl unguiform, inner margin minutely serrate.
Pereopods 3-4 (Figs. 2-C,D) similar to each other, dactyl about 0.6 times as long as article 6; pereopod 5 ( Fig. 2-E) , article 2 posterodorsally produced, with a plumose seta posteriorly, articles 5-6 with a row of marginal spines; pereopods 6-7 (Figs. 2-F ,G) similar to each other, elongate, 1.6 times as long as pereopod 5, article 2 with long plumose setae, several on anterior margin and numerous on posterior margin, posterodistal corner of article 4 with a spine, articles 5-6 with a row of marginal spines.
Pleopods 1-2 (Figs. 3-E,F) longer than pleopod 3 (Fig. 3-G) ; peduncles with long plumose setae and 2 coupling spines, outer ramus shorter than inner.
Uropods (Figs. 3-H,I,J) : Peduncles of uropods 1-2 longer than respective rami, dorsal surfaces of peduncles and of both rami spinous, distal end of uropod 1 peduncle with a inter-ramal process; uropod 3, peduncle a little shorter than ramus, peduncle inner margin strongly expanded, ramus with tiny second article and 11 long setae.
Telson : Rectangular in lateral view, with several setae on dorsolateral margins.
Female (allotype)
Similar to male except the following respects. Gnathopod 1 (Figs. 4-I,Il): Smaller than that of male, subchelate; article 2 about 1.9 times as long as broad; article 4 trapezoidal without projection; article 5 subovoid, about 1.8 times as long as broad, posterior margin with setae and two spines ; article 6 pyriform, a little shorter than article 5, palm oblique and defined by 3 spines, posterior margin with 2 spines ; dactyl claw-like, inner margin minutely serrate.
Gnathopod 2 (Figs. 4-J,Jl): Similar to that of male, but article 2 broadened medially and article 6 rectangular, about 0.8 times as long as article 5, palm transverse, defined by three spines.
Coloration in life
Eyes black ; head, pereonites 4 and 7 dark brown, other pereonites and pleonites pale yellow, body patterned with stripes as a whole ; antennae orange ; other appendages whitish, article 6 of pereopods 3-4 with a red vermiform spot and article 6 of male gnathopod 2 (and sometimes male gnathopod 1) with a red small dot.
Remarks
This new species is very close to Grandidierella dentimera Myers, 1970 from Hawaii in male gnathopod 1 which has three teeth on article 5 and a projection on article 4. But Grandidierella fasciata differs from G. dentimera in the shape of article 6 of male gnathopod 1, shorter articles 5-6 of male gnathopod 2 and shorter inner lobe of lower lip. Grandidierella fasciata also resembles G. bonnieroides Stephensen, 1948 , G. lignorum K.H. Barnard, 1935 palama J.L. Barnard, 1977 and G. robusta Ledoyer, 1982 in the presence of three teeth on article 5 of male gnathopod 1. However, this new species can be clearly distinguished from the latter 4 species by the presence of a projection on article 4 of male gnathopod 1.
Ecology
This species occurs in the middle-lower intertidal zone of the sandy mud bottom or under stones at river mouths. Females were observed brooding from March to June (July-January were not examined).
Distribution
From Hakotsukuri in Han'nan, Osaka Prefecture to the estuary of the Ki-no-kawa River 
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Onosato R. (Fig. 9-C ), outer plate with 8 apical spines (probably a few spines were lost), palp article 2 with 6 apical spines ; maxilla 2 ( Fig. 9-B) , medial margin of inner plate with a row of short setae ; maxilliped ( Fig. 9-A) , inner plate with 4 oblong spines, outer plate with 7 mar.:;inal spines, ratio of palp articles 1-4 1 : 1.7: 1.1 :
Coxal plates (Fig. 7) : Plates 1-4 subrectangular, plates 5-6 posterior half shallower than anterior one, phte 7 triangular, short; plate 5 largest.
Gnathopod 1 (Fig. 7-A) : Large, complexly subchelate; article 2 wide, about 1.7 times as long as broad, posterior margin rounded with several setae ; article 3 short, produced posterodistally ; article 4 longish rectangular, posterodistal end with an acute projection ; article 5 subovoid, about 1.6 times as long as broad, posterior margin with three teeth, two large and one small; article 6 rectangular, about half length of article 5, posterior margin nearly straight; dactyl somewhat elongate, slightly expanded medially.
Gnathopod 2 (Fig. 7-B ): Slender, subchelate; article 2 much elongate, broadened distally ; article 4 trapezoidal, with long setae on distal margin; article 5 elongate, posterior margin setose; article 6 long, curved posteriorly, about 0.7 times as long as article 5, palm almost transverse, defined by 3 spines, posterior margin with 2 spines (Fig. 7-B1) ; dactyl unguiform, inner margin minutely serrate.
Pereopods 3-4 (Figs. 7-C,D) similar to each other, dactyl about half length of article 6; pereopod 5 ( Fig. 7-E) , article 2 posterodorsally produced, with a plumose seta posteriorly, articles 5-6 with a row of marginal spines; pereopods 6-7 (Figs. 7-F,G) similar to each other, elongate, 1.5-1. 7 times as long as pereopod 5, article 2 with long plumose setae, several on anterior margin and numerous on posterior margin, posterodistal corner of article 4 with a spine, articles 5-6 with a row of marginal spines.
Pleopods 1-2 (Figs. 8-E,F) longer than pleopod 3 (Fig. 8-G) ; peduncles with long plumose setae and 2 coupling spines, outer ramus shorter than inner.
Uropods (Figs. 8-H,I,J) : Peduncles of uropods 1-2 longer than respective rami, dorsal surfaces of peduncles and of both rami spinous, distal end of uropod 1 peduncle without inter-ramal process; uropod 3, peduncle a little shorter than ramus, peduncle inner margin expanded, ramus with tiny second article and 7 long setae.
Telson (Fig. 8-D ): Subtrapezoidal in dorsal view, with several setae on posterior part.
Female (allotype) Similar to male except the following respects. Antennae: Inner surface of antenna 1 peduncle ( Fig. 9-I ), article 1 with 6 spines and article 2 without spine; inner surface of antenna 2 peduncle (Fig. 9-H) , articles 3-5 with 4, 7, 2 spines, respectively, antenna 2 flagellum with 8 articles, articles 4-8 (Fig. 9-G) with 2 curved spines.
Gnathopod 1 (Figs. 9-J,J1) : Smaller than that of male, subchelate; article 2 about 1.8 times as long as broad ; article 4 roundish trapezoidal without projection ; article 5 subovoid, about 1.5 times as long as broad, posterior margin with setae and a spine ; article 6 ovoid, slightly shorter than article 5, palm oblique, defined by 3 spines, posterior margin with a spine; dactyl claw-like, inner margin minutely serrate.
Gnathopod 2 (Figs. 9-K,K1): Slender, subchelate; article 2 broader medially; article 4 trapezoidal, distal margin setose ; article 5 expanded medially, posterior margin setose ; article 6 rectangular, about 0.8 times as long as article 5, palm transverse, defined by a pair of spines, posterior margin with 2 spines ; dactyl unguiform, inner margin minutely serrate.
Coloration in life
Eyes black ; head, pereonites and pleonites brown ; antennae pale red ; article 6 of male gnathopod 1 pale red with a red small dot ; other appendages whitish, article 6 of male gnathopod 2 with a red small dot and article 6 of pereopods 3-4 with a red vermiform spot.
Remarks
This new species is very closely related to Grandidierella fasciata and G. dentimera Myers, 1970 in the shape of the male gnathopod 1, which has a projection on article 4 and three teeth on article 5. But several clear differences are present between G. osakaensis and G. fasciata (Table 1) . Grandidierella osakaensis can be also distinguished from G. dentimera by robust antenna 2, straight posterior margin of article 6 of male gnathopod 1, and ovoid article 6 of female gnathopod 1.
Ecology
This species occurs in the sandy mud bottom or under stones of middle-lower intertidal zone at river mouths. Females were observed brooding in April and May (only February, 
April and May examined).
Distribution
The mouth of the Yodo-gawa River in Osaka, the mouth of the Oh-kawa River in Misaki, Osaka Prefecture and the mouth of the Higashi-kawa River in Misaki, Osaka Prefecture (Fig.  10) . (Japanese name : akahige-dorosokoebi, new) (Figs. 11-15 Male (1) Body (Fig. 11) : Subcylindrical, somewhat flattened laterally ; rostrum indistinct ; eyes ovoid, medium in size; pereon segments lacking ventral process; epimeral plates 1-3 (Fig. 13  -C ) with a spine on ventropqsterior corner.
Grandidierella insulae
Antenna 1 (Fig. 13-A) : Peduncle elongate, ratio of articles 1-3 2.2 : 2.5 : 1, article 1, with a stout spine on ventral surface and 5 spines on inner surface (Fig. 13-A1) , article 2 without spines ; primary flagellum with 20 articles, 1.1 times as long as peduncle ; accessory flagellum ( Fig. 13-A2 ) uni -articulate, short.
Antenna 2 (Fig. 13-B ) : Peduncle elongate, articles 3-4 spinous on inner and ventral surfaces, article 3 with 6 spines, article 4 with 10 spines (Fig. 13-B1 ), article 5 somewhat longer than article 4; flagellum short with 7 articles, articles 3-7 ( Fig. 13-B2 ) with 1, 1, 1, 2, 2 curved spines, respectively.
Mouth parts: Upper lip ( Fig. 14-E ) lozenge-shaped, weakly concaved mid-ventrally; lower lip ( Fig. 14-F) somewhat widened, ventral part of outer lobe with many thin hairs and a few setae, inner lobe expanded laterally; mandible ( Fig. 14-D) , palp article ratios 1: 1.3: 1.6 ; maxilla 1 (Fig. 14-C) , outer plate with 9 apical spines, palp article 2 with 7 apical spines ; maxilla 2 (Fig. 14-B) , medial margin of inner plate with a row of setae; maxilliped (Fig. 14  -A) , inner plate with 4 semioblong spines, outer plate with 14 marginal spines, ratio of palp articles 1-4 1 : 1.9 : 1.4 : 0. 7.
Coxal plates (Fig. 12) : Plates 1-4 roundish rectangular; plate 5 largest, posterior half shallower than anterior one; plates 6-7 short with plumose setae anteriorly.
Gnathopod 1 (Fig. 12-A) : Large, complexly subchelate ; article 2 wide, about 1.8 times as long as broad, anterior margin straight, posterior margin rounded with a few setae ; article 3 short ; article 4 lanceolate ; article 5 about 1.5 times as long as broad, posterodistal corner with 2 teeth, posterior one large; article 6, about half as long as article 5, curved posteriorly with roundish bulge on posterodistal corner, anterodistal corner with a small projection ; dactyl ensiform.
Gnathopod 2 (Fig. 12-B ): Slender, subchelate; article 2 elongate, curved anteriorly, broadened distally; article 4 longish trapezoidal, distal margin setose; article 5 markedly elongate, posterior margin setose ; article 6 .rectangular, 0.55 times as long as article 5, palm almost transverse, defined by 3 spines, posterior margin with 2 spines (Fig. 12-B1) ; dactyl unguiform.
Pereopods 3-4 (Figs. 12-C,D) similar to each other, dactyl about 0.7 times as long as article 6; pereopod 5 ( Fig. 12-E) , article 2 somewhat elongate, posterodorsally produced, with several setae posteriorly, articles 5-6 with a row of marginal spines; pereopods 6-7 (Figs. 12 -F,G) similar to each other, elongate, 1.6-1. 7 times as long as per eo pod 5, article 2 with rows of short spines on anterior and posterior margins and with several short setae on distal part of posterior margin, postero-and anterodistal corners of article 4 with a spine, articles 5-6 with a row of marginal spines.
Pleopods 1-2 (Figs. 13-E,F) a little longer than pleopod 3 ( Fig. 13-G) ; peduncles with several plumose setae and 2 coupling spines, outer ramus shorter than inner.
Uropods (Figs. 13-H ,I,J): Peduncle of uropod 1 longer than rami, dorsal surfaces of peduncle and of both rami spinous, distal end of peduncle with a inter-ramal process; uropod 2, peduncle as long as rami, margins of peduncle and rami spinous, inner ramus longer than outer ; uropod 3, peduncle shorter than ramus, peduncle inner margin strongly expanded, ramus with tiny second article and 11 long setae. Telson ( Fig. 13-D) : Subtrapezoidal in dorsal view, with several setae on posterior part.
Female (1) Similar to male except the following respects. Antenna 2 : Peduncular articles 3-5 ( Fig. 14-H ) spinous on inner and ventral surfaces, article 3 with 5 spines, article 4 with 13 spines, article 5 with 3 spines ; flagellum articles 2-7 ( Fig. 14-I ) with 2, 2, 0, 2, 2, 2 curved spines, respectively.
Gnathopod 1 (Figs. 14-J,Jl): Smaller than that of male, subchelate; article 2 about 1.9 times as long as broad; article 4 roundish trapezoidal; article 5 pyriform, about 1.7 times as long as broad, posterior margin setose ; article 6 pyriform, a little longer than article 5, palm oblique, defined by 2 spines, posterior margin with 3 spines; dactyl claw-like, inner margin minutely serrate.
Gnathopod 2 (Figs. 14-K,K1): Somewhat slender, subchelate; article 2 broadened medially ; article 4 trapezoidal, distal margin setose ; article 5 a little elongate, posterior margin setose ; article 6 rectangular, 0.8 times as long as article 5.
Coloration in life
Eyes black ; head, pereonites and pleonites brown ; antennae mostly bright red ; other appendages pale orange, article 6 of pereopods 3-4 with a red vermiform spot.
Remarks
Most of the morphological characters of the present specimens well agreed with the descriptions and figures of Grandidierella insulae from Australia, except for the number of spines on article 6 of female gnathopod 1. This species is closely related to Grandidierella koa ].L. Barnard, 1977 from Hawaii in the shape of gnathopods 1-2. However Grandidierella koa differs from G. insulae in the following characters : G. koa has (1) slender article 2 of male gnathopod 1, (2) nipple on anterior apex of article 2 of male gnathopod 2, (3) long plumose setae on article 2 of pereopods 6-7, and (4) shorter peduncle of pleopods.
Grandidierella insulae also resembles G. bispinosa Schellenberg, 1938 , G. elongata (Chevreux), 1925 , G. mahafalensis Coutiere, 1904 , G. makena (J.L. Barnard, 1970 and G. nagadae Myers, 1995 in having 2 teeth on article 5 of male gnathopod 1. But Grandidierella insulae can be distinguished from the latter 5 species by the presence of a small projection on the anterodistal corner of article 6 of male gnathopod 1.
Ecology
This species occurs in muddy sand under stones or rocks in the middle-lower intertidal zone. Marine (salinity: 30-33), rarely semi-brackish. Females were observed brooding from April to July (March and August not examined).
Distribution
From the mouth of the Onosato-gawa River in Han'nan, Osaka Prefecture to Tagurazaki coast in W akayama Prefecture (Fig. 15) ; Lord Howe Island in Australia (Myers, 1977) . (Japanese name: nihon-dorosokoebi) River in Nishinomiya, Hyogo Pref.; 23 from the mouth of the Sumoto-gawa River in Awaji Island, Hyogo Pref.; 1 from the estuary of the Ki-no-kawa River in Wakayama Pref.
Grandidierella japonica
Male (1 and 2) Body ( Fig. 16-A ) : Subcylindrical ; rostrum small ; eyes ovoid, medium in size ; per eon segment 1 (Fig. 16-B) with a ventral process.
Gnathopod 1 (Fig. 17-A) : Extremely large, complexly subchelate; coxal plate rectangular ; article 2 large, subovoid, 1.3 times as long as broad; article 3 short ; article 4 somewhat elongate, posterodistal end setose ; article 5 large, oval, 1.6 times as long as broad, anterior margin on inner surface with a row of transverse ridges (ca 40) and 3 spines; article 5 with 3 teeth, a strong tooth at posterodistal corner, a small accessory tooth on inner surface of anterior side of the strong tooth and a medium tooth on inner surface near posterior margin (Fig. 17-AI) ; article 6 ovoid, 0.4 times as long as article 5 ; dactyl medially expanded.
Gnathopod 2 (Fig. 17-B ): Somewhat slender, subchelate; coxal plate trapezoidal; article 2 elongate, slightly dilated distally; article 4 narrowed distally, distal margin setose; article 5 pyriform, posterior margin setose; article 6 rectangular, about 0.75 times as long as article 5, palm almost transverse, defined by three spines, posterior margin with a spine (Fig.  17-B1) ; dactyl unguiform, inner margin serrate.
Female
Similar to male except the following respects. Gnathopod 1 (Figs. 17-C,Cl): Smaller than that of male, subchelate; article 2 about twice as long as broad ; article 5 roundish trapezoidal, posterodistal corner with a spine ; article 6 subovoid, shorter than article 5, palm oblique, defined by 5 spines; dactyl claw-like, inner margin serrate.
Gnathopod 2 (Figs. 17-D,D1 ) : Similar to that of male, but article 2 broadened medially and palm transverse, defined by four spines.
Coloration in life
Eyes black ; head, pereonites, pleonites and peduncles of antennae dark brown ; flagella 
Remarks
Morphological characters of the present specimens well agree with the descriptions and figures of , Chapman & Dorman (1975) and . This species is characterized by the transverse ridges on article 5 of male gnathopod 1. Four species having transverse ridges are known in Grandidierella, namely G. japonica, G. perlata Schellenberg, 1938 , G. taihuensis Morino & Dai, 1990 and G. vietonamica Dang,. 1968 . However, Grandidierella japonica can be distinguished from the other species by the possession of three teeth on article 5 of male gnathopod 1.
Ecology
This species occurs in the mud bottom (rarely under stones) of lower intertidal zone and shallow subtidal zone (up to 5 m depth), in the brackish and marine waters. Females brood from February to October.
Distribution
Around Osaka Bay and the estuary of the Ki-no-kawa River in Wakayama Prefecture (Fig. 18) ; Sakhalin ; from Hokkaido to Kyushu in Japan ; California (Chapman & Dorman, 1975) and Australia .
Crossing Experiments
At the mouths of the Oh-kawa River and the Higashi-kawa River in Misaki Grandidierella fasciata, G. osakaensis and G. japonica occur in the similar habitat. And the morphological characters of Grandidierella fasciata resemble well that of G. osakaensis. From these, there seems to be a possibility that G. fasciata or G. osakaensis is a hybrid between G. japonica and the other species. So, in order to confirm the absencerof hybridization, I carried out crossing experiments among the three brackish species.
Grandidierella fasciata and G. japonica were caught from the mouth of the Higashi-kawa River, and G. osakaensis was caught from the mouth of the Oh-kawa River. Nine combinations of three species were tested. Three females after releasing juveniles and three males were introduced into beakers (vol. 1l) with sandy mud and brackish water (sal. 13.1). The water was aerated and not changed during experiments, and the average water temperature was 20.0°C. After rearing for 2 or 3 weeks, presence of juveniles was examined.
There were many juveniles in 3 beakers with females and males of the same species. But no juveniles were produced in 6 beakers with different species. This fact suggests the reproductive isolation among these species.
